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21st Century Manufacturing Enterprise Strategy

An Industry-Led View

ABSTRACT
The 21st Century Manufacturing Enterprise Strategy is a vision and the beginning of an

implementation plan, which a core group of industry leaders have developed. This group of 15
executives from 13 companies had the advice and counsel of over 150 people from 77 companies
and I1I professional organizations in developing their strategic enterprise plan. The group
strongly feels that this strategy will enable the U.S. to once again become the leader in a world
marketplace if a significant effort is led by industry with the help of government and academia
to implement the strategy and build the infrastructure.

The existing industrial era dominated by mass production manufacturing is drawing to a close.
It is giving way to a new era, to be dominated by agile manufacturing enterprises. The Agile
Manufacturing Enterprise Forum seeks nothing less than the revival of American competitiveness
through the adoption of agile manufacturing strategies. The developers of this strategy believe
that U.S. industry does not have an unlimited amount of time to make this transition. We must
begin now, today. What happens in the mid-1990's will determine whether or not the U.S. will
remain a major manufacturing force, and whether or not the American people can continue to
enjoy a high standard of living in the world. Government and academia must join in this
extraordinary effort which U.S. industry is leading.



1. Summary

The outcome of this project was the publication of a two-volume report (Attachment A) on
the global competitive environment U.S. manufacturing will face, and the infrastructure it will
require in order to compete, as we transition over the next 15 years into the 21st century. The
developments described in the report present a unique opportunity to capitalize on distinctive U.S.
strengths; failure to seize this opportunity will put the standard of living of the American people
at profound risk.

The report presents the thinking of leading representatives of industry, government and
academe. It represents over 7500 man-hours of work and incorporates ideas culled from many
excellent recent reports on U.S. industry. The distinctive value of this particular document lies
in its presentation of a comprehensive picture of a new system of manufacturing -agile
manufacturing- that has begun to emerge in the industrially advanced nations. Our objective in
presenting this picture was to assist in defining a strategy and an action agenda that would enable
U.S. industry to make the transition to this new system in a timely and competitively effective
manner. Volume one of the report begins with a description of the opportunity for regaining
global competitiveness that the transition to agile manufacturing offers American industry. It
continues with a non-technical vision of agile manufacturing as a system in which technologies,
management structures, and social values are synthesized into a powerful competitive weapon.
The opportunity and the vision chapters together provide the backdrop for four industrial
scenarios. Each is written from the perspective of a successful agile manufacturing enterprise in
the year 2006. Together, the scenarios identify the technological, managerial, and social
infrastructures that will have to be put in place if such enterprises are to come into being.
Volume two of the report amplifies the technical details implicit in the creation of these
infrastructures.

The ultimate objective of this report is to provoke the actions that need to be taken now in
order to restore the United States to world leadership in manufacturing. The fact that all of the
world's leading manufacturers have to build a new infrastructure to make the transition from
mass production to agile manufacturing provides a unique opportunity for U.S. industry to
regain the leadership it lost in the 1970s and '80s. Only a concerted effort, coordinated by
industry, supported by the public, and with the cooperation of governmental and academic
institutions can make this happen.

The vision presented here of the infrastructure required for creating agile manufacturing
enterprises in the U.S. is, we believe, 80 to 90 percent correct. The key to making the vision
come true, however, is not to make the vision 100 percent correct, but to immediately take steps
to implement it. Refinement of the vision is best accomplished through the experience of working
to make it a reality.

If the U.S. is to return to leadership in manufacturing, industry must take the lead in effecting
that return. No single corporation, however, not even the manufacturing sector as a whole, can
accomplish that task: it is simply too big a job. Only through inter-firn cooperation, and through
cooperative, coordinated, efforts among industry, government and academe can that task be
accomplished.
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The key finding of this report is that there is a common infrastructure requirement for all
agile manufacturing enterprises, regardless of their industrial sector. This common infrastructure
will be used in different ways by different industries and different firms within the same industry.
Consequently, companies and industries can work together to build the infrastructure, even wL'le
competing in the products and services it enables them to provide. The infrastructure will be used
to tie production processes together and to integrate those production processes with other parts
of the company, and with parts of different companies, into a single system. When the system
functions efficiently, it allows companies to easily and quickly meet the needs of a rapidly
changing competitive environment. In effect, the infrastructure will enable the formation of agile
manufacturing enterprises; capable of responding to the fast-changing market needs and
manufacturing demands of a global economy. We believe that competition in the twenty-first
century will be dominated by agile enterprises. Those nations that focus now on speeding the
transition to agile manufacturing will become the strongest competitors in the global
marketplace.

We have called our report a "21st Century Manufacturing Strategy". Accordingly, the
Summary and Action Agenda sections of this volume lay out steps that need to be taken: by
industry; by the DoD, which has a vital stake in the success of industry; by Congress and the
Executive Branch, which must act to protect the U.S. standard of living; and by academe, which
must assume a more active role as an economic development agent.

Because of our concern that this not be just another report, we strongly recommend forming
an Agile Manufacturing Forum. The objectives of this forum will be: to facilitate action; to
maintain and build on the momentum generated by this project; and to provide a means for on-
going discussion and coordination between all those involved in carrying out the action agendas
needed to develop the infrastructure.

After examining this report, we invite you to join us in turning the 21st Century
Manufacturing Strategy into reality. The economic well-being and strength of America depends
on it.

2. Introduction

2.1. Background. In its Conference Report for the National Defense Authorization Act for
Fiscal Year 1991, Congress recognized that identifying a defense manufacturing technology
program as an adjunct to the several military Service and Defense Agency industrial preparedness
programs will provide the Department of Defense with a mechanism for addressing longer term
manufacturing technology programs. The report implies a framework for the Manufacturing
Technology Program that promotes a convergence of interests among industry and the
Department of Defense. Such a framework should support the acquisition by industry of
capabilities essential to satisfying defense requirements while simultaneously creating commercial
opportunities and facilitating synergistic cooperation.

The key to developing such a framework was thought to be a mutually defined agenda for
encouraging manufacturing innovation. The agenda anticipated would emerge from the vision,
architecture and implementation plan being developed for the other Department of Defense
programs, such as MANTECH.
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In developing its objectives, the Department of Defense recognized that cooperation among
all elements of government, industry and society were a key aspect. Such cooperation would
underwrite a prodigious benefit for American competitiveness. The following elements have
argued loudly and convincingly for a new manufacturing paradigm, one that is characterized by
cooperation rather than only competition among industry partners, and which also involves the
Department of Defense:

(1) Congressional interest
(2) Interest and participation of the Departments of Commerce and Energy, as well as the

Department of Defense
(3) The reality of the Japanese Intelligent Manufacturing Systems programs
(4) The reality of European Economic Community investments in manufacturing
(5) The recognition of common economic problems among American companies
(6) The current Consortia and collaboration experience.
In order to accomplish the goals outlined above, it was judged necessary to structure a means

whereby a significant "corporate buy-in" would be achieved. In this manner, companies
participating directly in the project as well as those incorporated by other means (workshops,
executive briefings, those contracting with the Department of Defense, those connected with the
Iacocca Institute) would own a piece of the consensus and would be willing to endorse the final
report with that understanding.

2.2. Objectives. With the Congressional mandate that they develop a framework for
manufacturing that would promote a convergence of interests among industry and the DoD, the
DoD awarded Lehigh University's Iacocca Institute the assignment of creating a vision which
would encompass longer term manufacturing goals. These goals and convergence of interests
have been used to define the "21st Century Manufacturing Enterprise Strategy".

As facilitator for developing this strategy, the Institute was charged with accomplishing the
three objectives stated below:

(1) Identify critical manufacturing goals for defense and industry and use these goals to
formulate a joint vision for the future ability of U. S.-based manufacturing to serve the
Department of Defense.

(2) To develop a framework for pursuing these goals that is responsive to both the respective
and common interests of defense and the manufacturing sector, and to allow for cooperation ;n
a natural way on a case-by-case basis.

(3) To articulate a plan for implementing this framework in a way that ensures maintenance
of the program vision and partnership mechanisms for the benefit of the Department of Defense.

There was decided emphasis placed on the view that this report not be permitted to become
simply an academic exercise. Some attention was dedicated to the history, results and influence
of prior vision studies and reports. The assessment yielded the following:

(1) There must be industry participation in the setting of agendas. This project was going
to be driven by industry rather than solely by the Department of Defense. In fact, the
Department of Defense sponsor was represented on the inner core team by few of its members,
and only one full-time member. The steering and agenda setting would be done by the inner
core, the principal investigators, and the Department of Defense, working in concert.
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(2) Research activities would be centered around searching out the best reports and basing
the study therefrom, rather than "starting over"; there would be no attempt to "re-invent the
wheel." It was decided at the outset that industry experts would be retained by the inner core
team to brief the team on such matters as Japanese vision, American consortia, DoD points of
view, etc. Also, research was keyed toward becoming knowledgeable with respect to existing
visions, the small business point of view, manufacturing and design engineering, and both
successful and failed mechanisms for cooperation between separate and distinct entities, to name
a few.

(3) This project was action oriented. A primary focus was on securing a corporate buy-in
at the highest levels of industry to the concept of cooperation in a natural way between industry
and the Department of Defense. Creating the vision and the mechanisms were in and of
themselves, only part of the task.

(4) This was not to be simply a report on a vision. Another primary focus was to advocate
and influence the advancement of mutual investment in accordance with appropriate mechanisms
and to set a framework that would facilitate this.

3. Approach

Under the leadership of project directors Roger Nagel, Director of Operations, Iacocca
Institute, Lehigh University and Rick Dove, President, Paradigm Shift, International, the approach
was to create a three-tiered executive vehicle for achieving the objectives of the project. The first
tier was an "inner core" team of high-level industry executives together with Department of
Defense representatives who would meet in intensive sessions at Lehigh University, and who
were supported by university faculty, staff and researchers.

The project strategy was to s:tart with existing visions and other documents to gain the benefit
of all prior work and to orient the effort toward reaching rapid consensus among inner core team
members with regard to the vision advanced. The inner core would be addressed by an advisory
core of selected executives as subject matter experts for briefings as required.

The inner core team would set forth its preliminary draft before an industry consortium-
sponsored meeting of industry executives and involve this broader "outer core" of executives in
executive briefings/mini-workshops to provide critical review and feedback during the task. The
inner core team would then consider, adopt where appropriate and reply to the outer core critique
in order to provide both the sense and the fact of participation and ownership of the vision to
outer core members.

Acting in concert with inner core team members as well as other participants and non-
participants in the project, project team members would then work to obtain CEO endorsement
of the vision and framework, as well as commitment to partnering with industry and the
Department of Defense. The process would be ongoing, with continuous improvement, and
would provide support and encourage the Department of Defense and others to utilize the project
results and maintain the momentum of the vision long after the project itself was completed.

3.1. Formation of the Inner Core Team. With the above elements in mind, Principal
Investigators Roger Nagel and Rick Dove together with Lehigh University President Peter Likins,
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Vice President for Development Mike Bolton and Iacocca Institute Executive, Larry Hecht,
formulated a candidate list of companies to be inner core team members. These companies were
reviewed by the Department of Defense representatives for suggestions of any additional
companies which should be considered. The task of contacting key, high-level executives within
these organizations was then initiated. These executives were requested to recommend
individuals from their respective companies to serve on the inner core team. Guidelines were
presented to the executives regarding the type of member who should be selected. This was to
ensure that the inner core team members were individuals who would:

(1) Understand the corporate perspective and be well acquainted with the needs of the
corporation

(2) Have access to and the confidence of corporate decision makers
(3) Understand the strategic implications of manufacturing technology for the corporation
(4) Have a vision of the future competitiveness needs of industry in general and their

company in particular
(5) Be an action, "make it happen" individual
(6) Have had a line management responsibility during their career
(7) Have a familiarity with the constraints under which the Department of Defense operates.
Predictably, not everyone contacted was able to contribute an executive given the extremely

short notice and the extraordinary time commitment of the individual selected. Those companies
who were able to respond and provide a senior-level executive to participate in the project were:

Air Products & Chemicals
AT&T
Boeing Helicopters
Chrysler Motors Corporation
FMC Corporation
General Electric Aircraft Engines
General Motors Technology Center
IBM Corporation
Kingsbury Corporation
Motorola Corporation
Naval Industrial Resources Support Activity Center
Texas Instruments
TRW Space & Defense Sector
Westinghouse Electric Corporation Systems & Technology Center
Westinghouse Electronic Systems Group.

3.2. Inner Core Activities. In view of the constraints imposed by the project time line, the
schedule of the inner core activities was, of necessity, rigorous. To meet this time frame,
industry representatives met, on average, two to three days per week for two and one-half
months. Considerable time was spent in the initial stage in reviewing other reports and
presentations. The elements of the vision understood, attention was focused on consideration of
various "points of view". Department of Defense, industry consortia, and industry executives
provided briefings to the team. These briefings enable the team to understand the various
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elements affected by the "vision" as well as enabling them to define a mechanism for cooperation
between various commercial entities, the Department of Defense and society as a whole in
transferring the vision to reality. A listing of the briefings presented by the advisory core may
be found in Appendix A.

The team felt that the best way to present the vision was to devise scenarios of twenty-first
century products manufactured with projected processes and management practices rather than
writing a standard government report. It was felt that these scenarios would have a much greater
impact than the standard format. Accordingly, four corporate entities representing four industries
manufacturing four products were selected. Communimax, a multi-enterprise concurrent product
whose major contribution is "UltraComm;" U. S. Motors, representing Automotive/Heavy
Industry, created the three-day car, using current auto industry as a base for a cooperative model
of manufacturing; USASICS, representing the Semiconductor Industry; and U. S. Chemicals, (a
chemical plant that is desired by the cities), the Process Industry. The inner core was divided
into four teams to work on the original scenarios. All scenarios were reviewed and revised by
the entire team as well.

The end result of these scenarios is presented in Volume 1 of the two-volume final report
published by the Institute, 21st Century Manufacturing Enterprise Strategy.

3.3 Industry Input. As stated previously, the project participants recognized the criticality of
ensuring that the strategy developed would reflect industry endorsement. To engender this
endorsement two sets of industry briefings were held. The first, midway through the
development of the strategy, was set to ensure that the premises defined by the inner core team
met with those currently held by executives from government and industry. The second set of
briefings was held at the conclusion of the two and one-half months to present the refined
"vision" and to again ensure that all elements perceived by government and industry were
included in the strategy.

Both sets of briefings/workshops were hosted by major government agencies and industry
associations. These organizations included:

Aerospace Industries Association of America, Inc.
Computer Aided Manufacturing-International (CAM-I)
Council on Competitiveness
Defense Science Board Summer Program
Electronics Industries Association
IC 2-Innovation, Creativity, Capital
Industrial Research Institute, Inc.
Manufacturing Studies Board of the National Research Council
Microelectronics Computer & Technology Corporation
National Academy of Engineering
National Center for Manufacturing Sciences
National Machine Tool Builders Association
National Security Industrial Association.
These organizations invited their members to attend a two- to three-hour briefing/workshop

presented by Roger Nagel, Rick Dove and other inner core team members as appropriate. Over
100 individuals from industry, academia and government attended these meetings. In order to
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ensure that all interested individuals have an opportunity to provide input to the report, it was
determined that an open briefing should also held. An announcement was placed in the
Commerce Business Daily indicating a briefing open to the public which would be held at
National Institute of Standards & Technology in Gaithersburg, Maryland.

During the process of the outer core workshops, input to the project was overtly solicited.
While there were always a number of unique comments, there was in fact a great deal of
consensus on the entire range of issues that had been developed by the inner core. Specific input
was requested from the groups, however, on the following questions:

(1) What will be the same/different in 2005 as it relates to manufacturing?
(2) What are the current Paradigms to bust?
(3) What conditions make for cooperation in a natural way?
Based on comments received from these briefings, the team's strategy was refined as

necessary to reflect appropriate feedback. After further work on the report, these same
individuals were invited back to a second round of briefings. Following the second set of
meetings, the inner core team prepared the final draft of the "21st Century Manufacturing
Enterprise Strategy" report, incorporating these new, additional comments.

4. Summary of Findings and Recommendations

A comprehensive and complete understanding of the findings and recommendations posed
by the inner core team may be found in the published report, 21st Century Manufacturing
Enterprise Strategy which is attached. An overview of their findings is present below for the
reader.

4.1. The Opportunity & Vision. The industrial era dominated by mass production
manufacturing is drawing to a close. It is giving way to a new era, to be dominated by agile
manufacturing enterprises.

The emergence of agile manufacturing simultaneously presents U.S. industry with an
opportunity to regain world manufacturing leadership and with a threat of dramatic competitive
decline if the opportunity is not seized.

With agile manufacturing, competitive advantage will be determined by new criteria of
quality and customer satisfaction. Highly competitive firms will develop:

(1) products that are custom-designed and configured at the time of order
(2) products that can be reconfigured and upgraded to meet evolving requirements, extending

product life and reducing the value of distinct product generations
(3) long-term relationships with customers who are committed to the evolving products they

use, and to the companies that maintain the currency of those products.
Rapid product creation, development and modification in an agile manufacturing enterprise

is made possible by:
(1) the routine formation of inter-disciplinary project teams, able to develop product designs

and manufacturing process specifications concurrently
(2) extending the concept of design to the entire projected life cycle of a product, from initial

specifications to its eventual disposal
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(3) the availability of scientific knowledge of the manufacturing process, and of computers
capable of accurately simulating product performance characteristics, and of modeling the entire
manufacturing process

(4) modular, flexible, reconfigurable, affordable production processes and equipment
(5) the ability to obtain relevant information quickly, to share it with project members

distributed throughout a firm and in different firms, and to link that information directly to
production machinery

(6) modular product design incorporating reconfigurability and upgradability leading to
extremely long product lifetimes.

The flexibility, superior process knowledge base, and focus on customer satisfaction of agile
manufacturing will require assimilation of social values into the managerial decision-making
process. Environmental values, energy efficiency, workplace safety and work force composition
concerns, and the social impact of manufacturing enterprises will become part of agile managerial
agendas.

The transition to agile manufacturing is inevitable and is already being pursued by industrial
rivals of the U.S.

American prosperity is profoundly at risk unless a coordinated effort is made to enable U.S.
industry to lead the global transition to the new manufacturing system.

Industry must drive the transition to agile manufacturing, but there are vital roles to be played
by government and by academia in enabling, accelerating, and shaping its implementation.

No company or industry is capable of putting into place the infrastructure support systems
necessary to effect this transition alone. Industry-led efforts must be supported by appropriate
political action and by changes in public attitudes and institutions.

4.1.1. Cooperation as a Strategy for Realizing the Vision. The global economy will be
characterized by continuous innovation that will reward rapid product creation and development,
and increased speed-to-market. Cooperation is the factor that can dramatically accelerate
innovation, product development and market distribution. Cooperation also accelerates a
convergence of the respective self-interests of cooperating partners. As a result, cooperation is
central to agile manufacturing, whether in the form of cooperative ventures between different
firms or different branches of the same firm. The recent IBM-Apple-Motorola agreement
illustrates how inter-firm alliances can unite fragmented markets by creating a common
technological base for product variation. Cooperation leads to sharing of:

(1) risks and costs, and substitutes sharing variable costs for fixed costs
(2) unique resources, technological as well as human, in the process creating a new resource
(3) distributed, proprietary, knowledge, which in the cooperation process creates new bodies

of knowledge.
Cooperation broadens the resource base for attacking problems in parallel or serial order, or

both concurrently, as circumstances suggest. It accelerates technology transfer among the
cooperating firms and can convert constraining dependencies of firms on one another into
mutually reinforcing interactions. Interactions among highly qualified individuals with
complementary expertise working on a well-defined problem raise the probability of innovative
solutions.
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Cooperation between firms must be made an easier option to choose. This requires
addressing potential obstacles to cooperation within firms, social obstacles to interfirm
cooperation, and the information subsystems necessary to enable easy cooperation.

Anti-trust legislation no longer reflects the competitive realities of a constantly changing
domestic marketplace served by global competitors. Instead, American society can benefit from
encouraging electronic alliances between competing manufacturing firms.

Interfirm cooperation will be made easier by creating pre-certified, standard models for
cooperative ventures, analogous to standard models for wills, trusts, etc.

Cooperation is enhanced:
(1) If the initiative for cooperative ventures can be taken at the operational level
(2) If management combats the not-invented-here syndrome and the cultural prejudice that

values lone over team achievement
(3) If management implements measures appropriate to evaluating the benefits of intra- as

well as interfirm ventures
(4) If a set of criteria is articulated for rating potential project partners.
Cooperation entails the ability to share complex information electronically. Uniform data

exchange standards and broad-band communication channels are the necessary infrastructure for
that cooperation to take place.

Information must be available to be utilized. The creation of a national industrial data base
of products, facilities, and services along with price, performance characteristics, that is, a Factory
America Network (FAN), would be a resource of the first order.

4.2. Building & Maintaining Momentum. The transformation of manufacturing that is underway
is a dynamic process, one that will be shaped in part by unforeseeable developments. It is also
a process that requires a supporting infrastructure that can only be created through a coordinated,
cooperative, effort on the parts of industry, government, academe, and society at large.
Furthermore, the new manufacturing system that is coming into being is one characterized by
routine, intensive collaborations among personnel distributed across, as well as within, firms.

The following action agendas incorporate, in addition to the conclusions of the 21st Century
Manufacturing Enterprise Strategy study group, recommendations drawn from the Council on
Competitiveness report "Gaining New Ground" and the Center for Strategic and International
Studies report "Integrating Commercial and Military Technology for National Strength".

4.2.1. What Should Industry Do? The choice confronting U.S. industry is simple to describe,
but difficult to make. Individual companies can pursue the transition to agile manufacturing on
their own, or as part of a coordinated national effort, but they must pursue it. The first choice
feeds a number of American stereotypes championing self-sufficiency, but, in truth, it is no
choice at all. Agile manufacturing as a system is keyed to institutional interdependencies that
reward individual initiative in creating new resources out of those very interdependencies.
Cooperation in the context of agile manufacturing is much more than a prudent strategy for
management to adopt. It is an expression of the distinctive genius of the agile manufacturing
system.

The recent increase in the pace of formation of cooperative ventures among traditional
competitors, as well as among companies with complementary resources, is symptomatic of the
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dynamism of agile manufacturing competition already at work. It is becoming obvious to wider
circles of industry executives, policy makers, politicians, and educators that flexible, spontaneous,
inter-enterprise cooperation is a formidable competitive weapon. The difficulty of forging that
competitive weapon is, however, equally formidable. This is particularly so in the U.S., where
the infrastructure requirements for agile manufacturing are only partially developed and where
cooperation traditionally is a preferred managerial option only in times of crisis.

The unly real choice for U.S. industry, then, is to lead a national effort to erect the
infrastructure requirements for agile manufacturing on a foundation of systematic cooperation.

The objective of this effort is for inter-enterprise cooperation to be as natural and as
straightforward as connecting together components for a home audio and video system made by
different manufacturers and purchased at different stores. If the U.S. is to achieve leadership in
the transition to agile manufacturing, then industry must aggressively pursue that objective.
Industry must put into place intra-firm programs consistent with agile manufacturing. Industry
must also implement mechanisms, such as the Agile Manufacturing Forum, for making interfirm
cooperation natural. Industry must actively promote the necessary supporting contributions from
government, society, and academe.

Industry must take the lead; and *" can take the following steps on its own.
(1) Adopt methods and procedures to transform the enterprise into an agile manufacturing

competitor able to compete in the global marketplace successfully, today and in the future:
* Continuously improve the quality of the enterprise by constantly advancing the criteria by
which quality is measured
"• Extend and amplify the pull of customer satisfaction throughout the enterprise
"* Remove organizational obstacles within companies to the formation of cooperative ventures.
"* Pursue concunency within and between enterprises, cooperating with academe on
identifying the technological and organizational requirements, and establishing their
effectiveness.
- Identify cycle time reduction opportunities for all enterprise activities and actively pursue
their development.
- Develop intimate, responsive, supplier - vendor - customer networks, incorporating
interactive information exchange systems as appropriate.
- Empower the work force at all levels of the enterprise; and involve the work force in
setting company agendas and in exercising initiative to accomplish them.
* Develop metrics that will measure the value of the work force as a corporate asset. Use
these metrics to define the need for, and invest in, continuous work force training and
education.
• Assimilate into the managerial decision-making process, as an expression of corporate
responsibility independent of local laws, public concerns about the environmental and social
impacts of manufacturing, energy usage and conservation, workplace safety, and work force
constitution.
* Identify the generic technological and organizational requirements for making the transition
from flexible to agile manufacturing.
* Identify regulatory and legal barriers to the formation of cooperative ventures and pursue
their removal.
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* Identify infrastructure requirements that will enhance distributed concurrent product control,
development and manufacture.
- Articulate the requirements for comprehensive manufacturing information exchange
standards. Draw up specifications for these standards cooperatively with government and
expand representation of the U.S. on international standards bodies.
- Define the requirements for a global broad-band communications network, promoting to
government and the public its strategic importance to the nation's well-being.
- Identify jointly with academe, the characteristics of a competitive manufacturing work force
and develop educational vehicles for achieving it.
* Identify, develop and evaluate the effectiveness of metrics appropriate to the management
of agile manufacturing enterprises.
(2) Establish effective interfirm cooperation and partnership mechanisms among U.S. industry

groups through the formation of an Agile Manufacturing Forum. Actively promote the necessary
supporting contributions to the Forum from government, from industry, society, and academe.
The Agile Manufacturing Forum should:

- Be a mechanism to define agile manufacturing infrastructure projects, and to form groups
willing to cooperate in each project.
- Use challenge grants and other incentive mechanisms to encourage groups to form, define
and develop infrastructure projects.
- Work with existing consortia and other professional groups to promote and develop
cooperative mechanisms.
- Conduct meetings, workshops, and briefings around the county to build momentum toward
implementing agile manufacturing cooperation mechanisms.
* Serve as a central resource that can coordinate efforts, provide a clearinghouse function,
help replicate regional efforts, maintain data bases, and provide other related services to
foster the rapid spread and development of infrastructure partnerships and cooperation
projects.
Examples of the type of cooperative projects that may be undertaken are defined in the

Infrastructui Vo'.-imc 2 of the 21st Century Manufacturing Enterprise Strategy report. Some
generic examples of these are listed below:

(1) Formulate standard models for initiating cooperative ventures
(2) Develop requirements and metrics for cooperation tools, and sharing the cost of

developing cooperation tools, along with government and academe
(3) Develop environmentally benign manufacturing processes in cooperation with government

and academe
(4) Create jointly with the government a Factory America Network as a high priority agile

manufacturing infrastructure element
(5) Simplify manufacturing-related standards "architectures", making them more reliable and

extendable
(6) Establish practical near-term implementation criteria for cooperative industrial,

government and academic R&D in agile manufacturing
(7) Develop jointly with government and academe, technology deployment measures
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(8) Extend distributed concurrency globally, and extend FAN to a World Manufacturing
Network, identifying the advantages of this extension to U.S. manufacturers, and criteria for
success.

4.2.2. What the Congress Should Do? There are many initiatives which could be undertaken
by Congress which will help industry lead and enable the transition to agile manufacturing.
Among these are:

(1) Recognize the importance of manufacturing to U.S. industrial competitiveness and to
advancing the nation's standard of living

• Promote the excellence of U.S. industry as a national asset and protect the health of the
nation's small suppliers.
* Support industry investment in continuous work force training and education.
• Mandate the coordination of existing manufacturing support programs in government
agencies.
(2) Create a U.S. economic & regulatory climate that encourages investment in agile

manufacturing
* Facilitate the transition to agile manufacturing by removing legislative and regulatory
barriers to cooperative R&D, calTied through to production floor demonstrations, to multi-
enterprise manufacturing ventures, and to the formation of virtual companies.
- Remove any mandated performance-metric requirements that discourage concurrent
engineering and agile enterprise management.
"* Approve standard legal models for cooperative manufacturing venture formation.
"* Adjust anti-trust legislation, and corporate reporting requirements, to reflect current
competitive realities and the emergence of agile enterprises.
- Support adoption by industry of environmentally benign manufacturing as a goal by
establishing uniform environmental legislation, simplified compliance procedures, and
protection from environmentally abusive foreign manufacturers.
* Make the cost of capital for the development of manufacturing technologies competitive
with that of America's major competitors.
* Accelerate depreciation schedules and capital cost-recovery programs for manufacturing
equipment and facilities so that they are competitive internationally.
- Make an R&D tax credit permanent and amend it to include manufacturing engineering and
process R&D.
* Make the federal government a discriminating customer of manufactured products, by
comparing and benchmarking against companies, other government agencies and foreign
governments.
(3) Invest in the infrastructure and the technology required to speed the transition to agile

manufacturing
• Establish a five-year graduated plan to increase federal R&D expenditures for critical
infrastructure and manufacturing technologies, if necessary, by restructuring funding
schedules for existing programs.
- Increase investment in manufacturing at an earlier point in the R&D cycle, concurrent with
the development of new product technologies. Investment in manufacturing should be
matched to the collective needs of the industrial base.
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